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ABSTRACT: In Nigeria, S. stenocarpa is an under-utilized leguminous crop grown in Edo State mainly for its 
tuberous root and less for the seeds. The purpose of this study was to determine the nitrogen assimilation and distribution 
pattern of S. stenocarpa exposed to cadmium stress by partitioning the plant accessions into root and leaf, and N-nitrate 
and N-ammonia analysis was carried out during the seedling and flowering stage. The results showed that cadmium stress 
increased percentage foliar total nitrogen in TSs-91 in the Cd-5ESV from 2.03% to 2.03% and 1.93% to 5.73% 6 and 18 
weeks after sowing with increased cadmium concentration. However, there was a reduction in leaves Nitrate-N with 
increase in cadmium concentration. TSs-93 in Cd-5ESV had a Nitrate-N of 703.84 ppm as compared to 968.14 ppm in 
control while the root was significantly reduced from 771.71 to 516.36 ppm. Irrespective of leaves, roots and metal 
concentration, TSs-91 sow in control soils assimilated 6.29% nitrogen nitrate as compared to 0.16% in nitrogen ammonia. 
It was observed that the plants assimilated nitrogen more in the nitrate form than in the ammonia form and are stored in 
the leaves as compared to the roots except TSs-95 which stored more N-nitrate in the roots.  
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Soil as a dynamic component of terrestrial ecosystem 
is essential for the growth of plants with a constant 
short term fluctuation such as variation in moisture 
status, pH and also undergo gradual alterations in 
response to changes in management and 
environmental factors (Zauro et al., 2013). However, 
Soil pollution may result from the accumulation of 
heavy metals and metalloids such as lead, cadmium, 
mercury and nickel, resulting from industrialization 
and urbanization. This heavy metal increase over time 
in soil and creates a serious environmental 
contamination problem to the natural ecosystem. The 
distribution of heavy metal in soils and sediments 
indicates the potential harm to the environment 
through their chemical associations since a buildup of 
heavy metals at high concentration can cause serious 
risk to human health when food plants are consumed. 
Cadmium (Cd) is one of the most toxic pollutants 
found in the air, water, and soil, and is nonessential for 
plants (Fan Zhang et al., 2014). Cd has a negative 
influence on photosynthetic, respiratory, and nitrogen 
(N) metabolism in plants, resulting in a poor growth 
and low biomass (Sanita and Gabbrielli 1999; Pereira 
et al. 2006). Of Recent, Cd pollution has become more 
severe and has accelerated the environment 
deterioration, including the degradation of farmlands 
in the core polluted regions of the world. 
 
There are a number of natural and anthropogenic 
processes which add Cd to soils and waters. Natural 
sources include volcanic eruptions but the amount of 
Cd released is usually small in comparison to man-
made sources. The latter include wastes from factories, 
cement manufacturing, waste incineration, fossil fuel 
combustion, sewage sludge, phosphate fertilizers and 
most importance, nonferrous mining, especially Pb 
and Zn mining, which is the biggest input source of Cd 
to soils. In Nigeria the major source of cadmium into 
the soil is through fertilizers application, fumes from 
automobiles and compost. Moradi et al (2005) stated 
that naturally, about 10000 tons of cadmium is been 
deposited into the earth crust annually. Cadmium has 
received great attention in soil science and plant 
nutrition mainly due to its phytotoxic impact ranging 
from growth reduction, wilting, and chlorosis to cell 
death (Gallego et al., 2012). 
 
African yam bean (Sphenostylis stenocarpa Hochst ex. 
A. Rich.) Harms are an underutilized tropical African 
tuberous legume mainly cultivated in West Africa. In 
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Nigeria, it is cultivated in Edo State mostly for its 
seeds than tubers. The seeds are high in vitamin C, 
dietary fiber, vitamin B6, potassium, and manganese 
(Utter, 2007). The AYB tubers are regarded as an 
important source of starch and protein in tropical 
Africa, and the plant is potentially important as a pulse 
legume (Busson, 2001). The amino acid content of the 
protein is similar to that of the soybean, though rather 
higher in histidine and iso-leucine. The ability to fix 
atmospheric nitrogen makes it an excellent component 
within the various farming systems because they 
provide residual nitrogen and reduce the needs for 
mineral nitrogen fertilizers by associated non-legumes 
such as cassava and yam. Africa is the center of 
diversity of the genetic resource of AYB spanning 
from the west through to the east and southern parts 
(Genetic Resources Information Network, 2009). 
 
Although plant growth, chlorophyll content, stomata 
opening, transpiration, and photosynthesis have been 
reported to be inhibited by Cd in nutrient solutions 
(Baryla et al. 2001), there have also been reports that 
Cd treatments had no effect on photosynthesis or 
growth (Li et al., 2005) and that N was possibly a 
bioactive signaling molecule in plant responses to 
heavy metal stress (Arasimowicz and Floryszak-
Wieczorek 2007). However, despite all these studies, 
there is no report on nitrogen assimilation and 
distribution pattern in AYB to Cd stress as this remain 
unknown. Hence, this study aimed to determine the 
effects of Cd on nitrogen assimilation and distribution 
pattern from roots and leaves.  
 
MATERIALS AND METHODS 
Seed: AYB accessions were procured from the 
International Institute of Tropical Agriculture (IITA), 
Ibadan, Nigeria. They are: TSs-92, TSs-91, TSs-93, 
TSs-94 and TSs-95. 
 
Metal: Cadmium was procured as a solid crystal 
substance in the form of Cadmium Chloride (CdCl2) 
from Pyrex Chemical Laboratory, Benin City, Nigeria.  
 
Soil Collection and Land Preparation: The 
experiment was carried out in the Botanical garden of 
Plant Biology and Biotechnology, University of 
Benin, Benin city. The soils were collected from ten 
different points at the botanical garden, where the 
experiment was carried out in the Department of Plant 
Biology and Biotechnology, University of Benin, 
Benin City. The samples were randomly collected 
from the site at 0 – 30 cm depths using a soil auger. 
The soils were polluted with cadmium in the form of 
CdCl2 using 0 ESV, 2.5ESV and 5ESV (Ecological 
screening value). The soil samples were made into a 
composite sample, air-dried and grind to pass through 
a 2 mm sieve before subjecting to physicochemical 
analysis according to standard procedures. 
 
Table 1: Treatment designations for metal concentrations 
Treatment Description Replications 
0 ESV Control (unpolluted soil) 3 
2.5 ESV 0.15g of cadmium chloride diluted in 2L of water and mixed in 15kg soil 3 
5 ESV 0.30g of cadmium chloride diluted in 2L of water and mixed with 15kg soil 3 
ESV – Ecological screening value (4 mg/kg) (Efroymson, 1997) 
 
 
 
Nitrogen assimilatory responses: Total nitrogen 
contents of plants leaves and roots were determined at 
seedling and flowering stage. Concentrations of Total 
Nitrogen, Ammonia-N and Nitrate-N were also 
determined. The proportion of the total N uptake 
acquired as nitrate and ammonium were subsequently 
determined as percentages (AOAC, 2005). The f 
formula used for computation of percentage nitrogen, 
ammonium nitrogen, nitrate nitrogen, nitrogen 
assimilated as nitrate and ammonia are shown above. 
 
Data Analysis: The data were subjected to analysis of 
variance (ANOVA) and least significant difference 
(LSD) was used to separate any significant differences 
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between their mean. The SPSS-20® software was used 
to run analyses of data.  
 
RESULTS AND DISCUSSIONS 
Percentage Total Nitrogen Composition: The effects 
of cadmium pollution on percentage nitrogen 
composition of Africa yam bean accessions (TSs-91, 
TSs-92, TSs-93, TSs-94 and TSs-95) is presented 
below (Fig 1). Cadmium pollution resulted to 
increased foliar total nitrogen percentage in all 
treatments as compare to control 6 weeks after sowing 
(WAS). TSs-91 in the Cd-5ESV had a 4.8% foliar TN 
as compared to 2.03% in control. The effects of 
environmental stresses on plants are determined by the 
responses of the individual cells in which the integrity 
of structure and function is affected (Ciamporova and 
Mistrik, 1993). Cadmium toxicity also resulted to an 
increase in percentage foliar and root TN with increase 
in the metal concentration 18 WAS. Take for instance, 
cadmium pollution resulted in a 5.73% foliar TN of 
TSs-93 in Cd-5ESV as compared to 1.93% in control. 
Nitrogen is the limiting nutrient in several salt marshes 
(Valiela and Teal, 1979; Delaune and Patrick, 1980). 
After 18WAS, it was observed that percentage TN of 
TSs-92 and 93 were more in the root than the leaves 
while for TSs-91, 94 and 95 the reverse was the case. 
However, cadmium pollution had no significant 
differences on total nitrogen percentage of the studied 
accessions at P=0.10. 
 
Fig 1: Percentage total nitrogen composition of Africa yam bean accessions exposed to Cd pollution 
 
Nitrogen Composition and Distribution in Nitrate-N 
and Ammonium-N: The exposure of nitrogen 
composition in Africa yam bean accessions (TSs-91, 
TSs-92, TSs-93, TSs-94 and TSs-91) to cadmium is 
present below (Table 2). There was a reduction in the 
leaves Nitrate-N with increase in cadmium 
concentration. TSs-93 in Cd-5ESV had a Nitrate-N of 
703.84 ppm as compared to 968.14 ppm in control 
with the highest difference of 490.73 ppm between the 
Cd-5ESV and control of TSs-91. The nitrogen was 
distributed in both ammonia and nitrates form in 
leaves and root respectively. However, the legumes 
crops assimilated nitrogen more in the Nitrate-N form 
than Ammonia-N both in the leaves and root and 
differs across accessions. However, there was no 
significant difference at P=0.086. In Ammonia-N 
composition, cadmium exposure resulted in 
invariability in composition with increase in the 
concentration. Take for instance, TSs-91 reduced from 
19.83 to 15.11 ppm in Cd-2.5ESV and later increased 
to 17.06 ppm in Cd-5SV while in TSs-95, Ammonia-
N reduced from 37.33 to 18.43 ppm with increase in 
the metal concentration between the Cd-5ESV and 
control. Hence there was a significant difference at 
P=0.011. Incidence of metal raised nitrogen levels in 
the leaves both 6 and 18 weeks after sowing in all 
plants types and accessions when compared with 
control. Plants assimilated nitrogen in both leaves and 
roots as ammonia, nitrates and other forms. Roots are 
the first plant organs that impose and get into contact 
with HMs polluted environments. However, Nitrate-N 
accumulation in both leaves and roots significantly 
differed across plant types and accessions. For 
example, TSs accessions assimilated more nitrate in 
the leaves than the root whereas TSs-95 assimilated 
more nitrate in the roots than the leaves (AYB). The 
root Nitrate-N composition also followed similar trend 
of reduced with increase in the cadmium concentration 
as compared to the control resulting in the highest 
Nitrate-N difference of 295.77 ppm between the Cd-
5ESV and control of TSs-92. Hence there was a 
significant difference at P=0.001. Nitrate-N was more 
distributed in the leaves than the root irrespective of 
treatment and accession type except in TSs-95. For 
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example, the Nitrate-N distribution in the leaves of 
TSs-93 was 968.14, 936.75 and 703.84 ppm as 
compared to the 771.71, 707.83 and 516.36 ppm in the 
root of control, Cd-2.5ESV and Cd-5ESV 
respectively. 
 
Percentage nitrogen assimilated as nitrate or 
ammonium: The effects of cadmium pollution on 
percentage nitrogen assimilated as nitrate in the leaves 
of Africa yam bean accessions (TSs-91, TSs-92, TSs-
93, TSs-94 and TSs-95) is presented below (Table 3). 
Cadmium pollution resulted in the highest difference 
of 5.61% foliar N-assimilated as nitrate in TSs-91 as 
compared to 1.70% in TSs-94. Other accessions also 
followed similar trend of reduction in foliar percentage 
N-assimilated as nitrate with increase in the metal 
concentration. However, cadmium pollution has no 
significant difference at P=0.882. The excessive 
uptake of nonessential bivalent cations to the aerial 
plant parts shifts its cellular phosphorylation state, 
eliciting oxidative stress and a range of physiological 
disturbances. The percentage foliar N-assimilated as 
ammonia of AYB accessions to cadmium exposure 
has been reported. Cadmium exposure reduced the 
%N-assimilated as ammonia from 0.31% to 0.04% and 
0.39% to 0.13% in the leaves and root of TSs-95. 
However, there was no significant difference 
(P=0.456; 0.062) on %N-assimilate as ammonia in 
TSs accessions to cadmium exposure. The accessions 
assimilated more nitrogen in the nitrate form in their 
leaves irrespective of accession type or treatment. 
However, TSs-95 divers by assimilating more nitrate 
in the root (16.63%, 9.99% and 9.08%) as compared 
to 5.05%, 2.185 and 1.875 in leaves. 
 
 
 
Table 2: African yam bean nitrogen composition and distribution in Nitrate-N and 
Ammonium-N 18 weeks after sowing 
Plant 
Accessions 
Cd. Conc. 
(ESV) 
Nitrate-
Nitrogen 
(ppm) 
Ammonia-
Nitrogen 
(ppm) 
Nitrate-
Nitrogen 
(ppm) 
Ammonia-
Nitrogen 
(ppm) 
  Leaves Root 
TSs-91 0 798.91 19.83 438.90 13.84 
 2.5 513.11 15.11 303.32 11.51 
 5 308.18 17.06 243.12 9.36 
TSs-92 0 611.45 22.23 397.12 16.18 
 2.5 506.33 23.46 178.42 15.13 
 5 211.84 21.83 101.45 14.12 
TSs-93 0 968.14 19.15 771.71 17.15 
 2.5 936.75 21.78 707.83 15.78 
 5 703.84 15.85 516.36 10.85 
TSs-94 0 740.96 35.62 690.17 29.33 
 2.5 703.43 30.15 678.10 24.86 
 5 698.80 25.54 556.82 22.07 
TSs-95 0 611.35 37.33 1596.03 32.98 
 2.5 536.15 35.60 1619.00 27.11 
 5 803.51 18.43 1289.16 11.71 
P-value   0.086 0.011 0.000 0.001 
Sig*  P>0.05 P<0.01 P=0.000 P<0.01 
 
Table 3: African yam bean percentage nitrogen assimilated as nitrate or ammonium 18 weeks 
after sowing 
Plant 
Accessions 
Cd. 
Conc. 
(ESV) 
%N 
assimilated 
as Nitrate 
%N 
assimilated 
as ammonia 
%N 
assimilated 
as Nitrate 
%N 
assimilated 
as ammonia  
  Leaves  Roots  
TSs-91 0 6.29 0.16 3.46 0.11 
 2.5 1.64 0.05 0.97 0.04 
 5 0.68 0.04 0.53 0.02 
TSs-92 0 4.02 0.15 2.61 0.11 
 2.5 2.40 0.11 0.85 0.07 
 5 0.44 0.05 0.21 0.03 
TSs-93 0 4.82 0.010 3.06 0.08 
 2.5 3.37 0.08 1.37 0.04 
 5 1.73 0.039 0.92 0.03 
TSs-94 0 2.94 0.14 6.12 0.29 
 2.5 1.36 0.06 2.86 0.12 
 5 1.24 0.06 1.20 0.08 
TSs-95 0 5.05 0.31 16.63 0.39 
 2.5 2.18 0.14 9.99 0.22 
 5 1.87 0.04 9.08 0.13 
P-value   0.882 0.456 0.001 0.062 
Sig*  P>0.05 P>0.05 P=0.000 P>0.05 
 
Conclusion: Cd toxicity reduced the 
total nitrogen assimilation of S. 
stenocarpa accessions. Nitrogen is 
ready available for the plants use in 
the N-nitrate form than the N-
ammonia form and stored in the 
leaves except for TSs-95. 
Recommendations are made for 
TSs-95 to be cultivated in Edo state 
in marginal soil so has to boost the 
soil fertility and enrich the soil with 
nitrogen. The phytotoxicity of Cd in 
the tubers of TSs-95 should be 
investigated to ascertain if edible for 
consumption. 
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